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When raw phosphate is leached with sul 

phuric acid or acid solutions containing 
alkali sulphates to produce phosphoric acid 
or soluble phosphates the lime of the raw 

5 phosphate is converted into insoluble calcium 
sulphate while the phosphoric acid is dis 
solved. In such leaching processes it has 
proved difficult to obtain a quantitative out 
put, chiefly because the calcium sulphate 
settles as a tight coating on the larger grains 
of the raw phosphate and thus prevents the 
leaching liquor from dissolving them com 
pletely. In order to obtain a good output it 
has, therefore, proved necessary in such 
leaching operations to work with a very finely 
ground and classified raw phosphate. An 
other circumstance which also causes a re 
duction of the output consists in this that in 
leaching certain raw phosphates, particularly 
raw phosphates having a high percentage of 
carbonate, the calcium sulphate is precipi 
tated in such a crystal form that it is very 
difficult to separate it from the solution 
formed and for this reason it has been neces 
sary, for instance in producing phosphoric 
acid, to work only with special kinds of raw 
phosphates and to use a comparatively 
diluted acid for the leaching. - 
The object of this invention is to remove 

the said inconveniences and to render a very 
good result possible without any special fine 
grinding of the raw phosphate being neces 
sary, and besides all kinds of raw phosphates 
can be used in the leaching process and cont 
paratively strong solutions may be produced 
directly. . . 
The method consists in this that the cal 

cium sulphate is precipitated either directly 
as semihydrate (2CaSOHO) in the leach 
ing or is converted into semihydrate in a 
suitable manner after the precipitation, 
whereupon said semi-hydrate is caused to 
recrystallize into gypsum (CaSO2H.O) 
which is then in a known or suitable manner 
separated from the solution. The semi 
hydrate of calcium sulphate is obtained either 
directly by the raw phosphate being leached 
at a high temperature (usually more than 

50 
90°C.) and with a rather highly concentrated 
solution, or by the raw phosphate being first 

leached at a lower temperature with a rather 
strong solution, so as first to precipitate the 
calcium sulphate as gypsum, and then the 
temperature of the solution being raised. 
When the leaching liquor together with the 
semi-hydrate of calcium sulphate present 
therein is subsequently cooledor diluted the . 
semi-hydrate re-crystallizes into gypsum, the 
incompletely dissolved grains of raw phos 
phate which were covered by crystals of semi 
hydrate being then freed and subjected to a 
new attack, from the leaching liquor and are 
thus practically completely dissolved. To 

the re-crystallization gypsum facilitate - 

crystals may, preferably, be added to the 

G3. 

65. 
leaching liquor in the cooling or dilution, 
the calcium sulphate being then precipitated, 
chiefly, on the said crystals according as the 
semi-hydrate is dissolved. By varying the 
size and the quantity of the gypsum crystals 
added the final gypsum crystals can be pro 
duced with practically any desired size. It 
is important that the crystals added are short . 
and compact as a gypsum then is obtained in the re-crystallization which may easily 
and effectively be separated from the solu 
tion, because when filtered it delivers a very 

70 

compact filter cake easy to wash out or when 
decanted settles rapidly to a comparatively 
small volume of slime. . . . . 

tain the gypsum leaving the system in the 

In order to produce gypsum crystals which 
are suitable as addition in the re-crystalliza 
tion of the calcium sulphate from semi-hy 
drate into gypsum and simultaneously to ob 

85 
shape of crystals of the size desired the proc 
ing manner. The leaching liquor together 
with gypsum crystals of different sizes sus 
pended therein are transferred, after the fin 
ishing 

as for instance a classifier of a known type, 
in which the larger crystals are separated 
from the main portion of the solution, which 

ess is, preferably, carried out in the follow 

90 
of the re-crystallization, which is, 

preferably, carried out in a vessel separate 
from the leaching vessel, into an apparatus, 

95 

still contains the Smaller crystals in suspen 
sion. The large crystals separated may sub 
sequently be sucked out and washed on a fil- to 

100 ter or be treated in any other known manner 
  



for the recovery of adherent phosphatic solu 
tion, whereupon the washing liquid is, pref 
erably, transferred to the leaching vessel. 
The solution freed from the large gypsum 
crystals together with the smaller gypsum 
crystals suspended therein is, preferably, 
transferred into a decantation tank, in which 
the gypsum is permitted to settle so that 

O 
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the solution can be decanted. The bottom. 
slime, consisting of the Smaller gypsum crys 
tals together with a small quantity of solu 
tion, is then brought back to the re-crystalli 
zation vessel, in which the small crystals have 
opportunity to increase and thus to obtain 
the desired size. Generally small gypsum 
crystals as well as large ones are obtained 
in this manner, so that the process may be 
carried on continuously. Enample 1-840 grams of 78% sulphuric 

20 acid were diluted with 309 grams of a phos 
phoric acid solution containing 15.5% HPO, 
and were heated to a temperature between 

25 
90° C. and the boiling-point of the solution. 
300grams of pulverized raw phosphate were 
stirred into 309 grams of phosphoric acid of 
the same strength and then the mixture was 
acid solution. 

30 
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added in small portions to the hot sulphuric 
After about 1 hour's leach 

ing a mixture of 100 cubic centimetres of 
phosphoric acid solution from a previous 
leaching experiment, which contained 30% 
HPO, and about 40 grams of gypsum, and 
309 grams of diluted phosphoric acid, con 
taining 15.5% HPO, were added. The 
temperature sank by this addition from 
about 100° C. to 80°C. and was then main 
tained at 70-80° C. for 4 to 5 hours under 
agitation until the re-crystallization had fin 
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ished. During the later part of the re-crystal 
lization gas was evolved causing a foaming 
which clearly proved that grains of raw 
phosphate had been freed in the re-crystal 
lization and thus again could be attacked by 
the acid leaching liquor. Before the re-crys 
tallization the leaching liquor was very vis 
cous and thickly fluid but afterwards it was 
thin and comparatively easily, fluid. The re 
crystallized gypsum settled with a speed of 

50 
about 40 centimetres an hour and left 55 to 
60% of the entire volume as a clear solution. 
The quantity of 927 grams of diluted phos 
phoric acid, containing 15.5% HPO, used 

55 
sponding to the raw phosphate. 

60 

in the experiment corresponds to the wash 
ing liquid which is obtained in an effective 
washing of the quantity of gypsum corre 
Eacample 2-600 grams of a solution con 

taining 150 grams of ammonium sulphate, 63 
grams of ammonium nitrate, 15 grams of am monium phosphate and 7 grams of phos 
phoric acid, said solution corresponding as 
to its composition to the composition of the 
washing liquid which is obtained in an effec 

65 tive washing of the precipitated calcium sul phate mud with ammonium sulphate solution, 
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were heated to a temperature between 90° 
and the boiling point of the solution, where- - 
upon 150 grams of dry raw phosphate were 
added under agitation and then 230 grams 
of 50% nitric acid were added in small por 
tions. The leaching was continued at the 
above-mentioned temperature, whereupon 
the solution was cooled to 60 to 70° and si 
multaneously 75 cubic centimetres of a solu 
tion containing about 20 grams of gypsum from a previous leaching experiment were 

70 

added. After 5 to 6 hours agitation at the 
above-mentioned temperature the re-crystal 
lization was finished. The re-crystallized 
gypsum settled with a speed of about 50 centi 
metres an hour and left about 75% of the solu 
tion as a clear liquid. Also in this case gen 

80 

eration of gas with foaming set in during the . 
later part of the re-crystallization. 
What I claim is: . . . . . . . . . . 
1. A method of treating phosphate rock, 

which comprises reacting upon the phos. 
phate rock with chemical reagents under such 
condition of concentration that a solution 
containing an essential part of the phos 
phoric acid and a precipitate of calcium sul 
phate are produced, subjecting the reaction 
mixture to a temperature of at least 80° C., 
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thus bringing the calcium sulphate to crystal 
lize substantially as semihydrate in the solu 
tion, then causing the semihydrate to re 
crystallize into dihydrate by lowering the 
temperature of the solution, and finally sep 
arating said dihydrate from the solution pro 
duced. 

2. A method of treating phosphate rock, 
which comprises decomposing the phosphate 
ions, the strength and quantity of the acid 
Solution being so related to the phosphate 
rock that an essential part of the phosphoric 
phosphate rock is substantially converted 
into calcium Sulphate held in suspension in 
the Solution produced, raising the tempera 

100 

rock with an acid solution containing SO 
105 

acid is dissolved and the lime content of the 

l10 
ture during the process to at least 80° C., 
thus bringing the calcium sulphate to crystal 
lize with at most A molecule of crystal wa 
ter, then causing said crystallized calcium 
sulphate to recrystallize into dihydrate by 115 

lowering the temperature of the solution, 
and finally separating said dihydrate from 
the solution. 
3. A process of leaching phosphate rock, 

which comprises dissolving the phosphate 
rock in a mineral acid capable of liberating the phosphoric acid and bringing the lime in 
Solution, adding alkali sulphate in sufficient 
quantity to precipitate the lime dissolved as 
calcium sulphate and to produce a suspension 
of the latter in the phosphoric acid solution, 
raising the temperature during the process to 
at least 80°C., thus bringing the calcium sul 
phate to crystallize substantially as semihy 
drate, then causing said semihydrate to re 
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crystallize in the solution by lowering the 
temperature below 80° C., and finally sepa 
rating said dihydrate from the solution 
produced. 

4. A method of treating phosphate rock, 
which comprises decomposing the phosphate 
rock with chemical reagents under such con 
dition of concentration that a solution con 
taining an essential part of the phosphoric 
acid and a precipitate of calcium sulphate 
are produced, raising the temperature during 
the process to at least 80° C., thus bringing 
the calcium sulphate to crystallize substan 
tially as semihydrate in the solution, then 
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causing said semihydrate to recrystallize into 
dihydrate by diluting the solution and simul 
taneously lowering its temperature below 

80° C., dissolving the rock particles set free 
by said recrystallization E. and finally 
separating the solution from the insoluble 
matters. . . 

In testimony whereof I have signed my 
late. 

MARKUS LARSSON. 

80° C. and finally separating said dihydrate ... " 
from the solution produced. 

5. A method of treating phosphate rock, 
which comprises leaching the phosphate rock 
with an acid solution containing alkali and 
SO-ions so as to produce a suspension of 
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calcium sulphate in phosphoric acid solu 
tion, subjecting the reaction products to a 
temperature of at least 80 under such con 
dition of concentration that the calcium sul 
phate crystallizes with at most A molecule 
of crystal water, then causing the calcium 
sulphate to recrystallize into dihydrate in 
the solution by lowering the temperature be 

40, 

50 

CO 

low 80° C., and finally separating said dihy 
drate from the solution. 

6. A method of treating phosphate rock, 
which comprises reacting upon the phos 
phate rock with chemical reagents under such 
condition of concentration that a solution 
containing the main part of the phosphoric 
acid of the phosphate rock and a precipitate 
of calcium sulphate enclosing undissolved 
rock particles are produced, raising the tem 
perature during the process to at least 80°C., 
thus bringing the calcium sulphate to crystal 
lize substantially as semihydrate, then caus 
ing the semihydrate to recrystallize into di 
hydrate by lowering the temperature of the 
solution while setting free the enclosed rock 
particles, dissolving the latter in the acid 
solution, and finally separating the solution 
from the insoluble matters. 

7. A method of treating phosphate rock, 
which comprises leaching the phosphate rock 
with an acid solution containing alkali and 
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SO-ions until the main part of the phos 
phoric acid is dissolved and the lime content 
of the phosphate rock is substantially con 
verted into calcium sulphate enclosing undis 
solved particles of phosphate rock, subject 
ing the reaction products to a temperature 
of a least 80° C. under such condition of 
concentration that the calcium sulphate 
crystallizes with at most A molecule of . 
crystal water, then causing the calcium sul 
phate to recrystallize into dihydrate in the 
solution by lowering the temperature below 
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